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RESEARCH MEMORANDUM

PRELIMINARY INVESTIGATION OF A VARIABLE
MASS—FLOW SUPERSONIC NOSE INLET ' -

By Clyde Hayes
SUMMARY

A method has been analyzed for verying the mass flow of supersonic
inlets having a clrcular cross section and a central body. The method
conslsts of changlng the slze of the entering stream tube by means of
an Inflatable boot on the surface of the central body. Tests were made
at a Mach number of 2.70 to determine the effect of such nose shapes on
the entering flow, mass flow, and pressure recovery. Comparison was
made between theoretical end experimental mags flows. The test results
show that the mass flow could be reduced to 76 percent of design mass
flow without & large loss of pressure recovery and without the unstable
flow conditlons or discontinuities of the flow that exlist in the fixed—

geometry diffusers when similer reductions in mess flow are made by
increasing the back pressure. Although drag measurements were not made

in this investlgation, consideratlon of shock-wave configurastions indicates
that the accompanylng increase in drag is smaller than that caused by the
strong shock waves ahead of the inlet which usually accompany reductions
in mass flow made by increasing the back pressure.

INTRODUCTION

From the performsnce characteristics of rem Jets operating at
supersonic velocitles. it can be shown that for effective operation over
a range of flight conditions, regulation of the mass.flow is desirable.
For a fixed-geomstry supersonic nose inlet of the type having a cilrcular
cross sectlon and a central body and having part intermal and part
external supersonic compression, the mass flow cannot be reduced with
supersonic entering air. Theoretlcally 1t 1s possible to reduce the
mass flow by increasing the back pressure until the internal supersonic
compresgsion 1s eliminated and e new flow condltion 1s established. This
new flow condition 1s established suddenly and is accompenied by en
abrupt decrease of mass flow and en increase in drag. Figure 1 shows
the two flow conditions for a fixed-—geomstry inlet and illustrates the
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agymetrical flow conditlon which may exist due to uneven separstlon on
the central body. The result is asymmetrical loading of the inlet.
Since this flow condition is unetable, the mass flow cannot be reduced
gufficiently without the flow osclllations and vibrations becoming of
such magnitude that this method cannot ordinerlily be used. The mass
flow may elso be regulated by moving the central body forwsrd along the
axls of the inlet, Since the central body usually houses fuel,
Instruments, and accessorles, this gystem 1s sometlmes not d.esirable.

‘ NACA BM LoJll

In the present discussion a method i1s introduced by which the mass
flow 18 regulated by changing the nose angle of the central body., In
order to reduce the mass flow entering tlhie inlet, the flow must be
deflected so that some of the flow does not enter the Inlet. If the
shock wave produced by the central body 1s elther made stronger or
moved forwerd, some of the ealr which wouid otherwlse enter the inlet is
deflected around it, By lncreasing the nose angle of the central body
the shock wave 1s made stronger and, at the same time, moves outward
away from the 1lip of the cowling. Thils riay possibly be accompllshed by
attaching to the central body a flexible boot whlch may be inflated to
increegse the nose angle, The purpose of thls preliminery lnvestligatlion
is to determine the effect of such a method on the entering flow, mess
flow, and pressure recovery, and to compa.re the experimental mass flow
with the theoretlcal.

The tesgtsa were ma.d.e et the Langley lLaboratory in an intermittent
Jet used for previous tests of similar superapnic inlets. The Mach

number wasg 2.T70 and the Reynolds number 2.5 X 106, based on the cowling—
lip dlemeter.

SYMBOLS

6y, equivalent cone angle; angle between axis of diffuser and line
Jolining apex of cone and tangent to surfece of inflated boot

6q semicone angle of central body

6g effective cone angle; semicone engle of & central body with a
conic shape which would produce a shock wave tangent to that
of a given Oy,

91 cowlling position parameter; asngle between sxls of diffuser and

line Joining apex of cone to llp of cowling
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P, initial stegnation pressure
Pf _ stagnatlion pressure after deceleration into inlet
R radlug of entering stream tube

DESCRTIPTION OF THE METHOD

The method of mags—~flow regulation considered in this preliminsry
investigatlion concerns the variation of the effective nose angle of the
central body. This variation can be effected by the use of a flexlible
boot incorporated in the surface of the central body. By Inflatling the
boot the effectlve nose angle can be incressed. The general shape of
such en Infleted boot 1s shown to an exaggerated scale in figure 2.

The infleted portion 1is not extended 211 the way to the apex of the
centrael body on the essumptlion thet in actuel practice it would be
necessary to fasten the flexlble meterial some distance back from the
tip.

The effect of the change in nose angle on the flow 1s shown in
figure 3. With the boot uninflated, the enterling stream tube is
represented by streamline BC, The rad.ius of the entering stream tube
1s shown as R. As the boot is inflasted the cone angle is, in effect,
increased, and the shock wave OA moves to a new position OA'., Now the
gtreamline under consideration, BC, is deflected at C' and does not
enter the Inlet, and no longer represents the entering stream tube.
Streamline B'C" now represents the entering streem tube, although it is
also deflected by shockwave OA', but at a different point C", and
enters the lnlet. The radius of the enterlng stream tube 1s now shown
as R', which 1s smaller than R. Thus, 1t has been shown that an increase
of the central-body nose angle will result in a decrease in mass flow.

In order to glve some basis for comparing the data obtalned from
the tests, a paramster which is an indicatlon of the amount of Infletion
of the boot 1s introduced. This parameter, the equivalent cone
angle eb, is the angle formed by the axis of the inlet and a line

drawn from the tilp of the central body aend tangent to the surface of the
Inflated boot.

For comparison with the experimental data the mass flow entering
the inlet for reduced mess—flow condltlons wes calculated by assuming
thet the centrel body was & true cone with the semi-—apex angle equal
to the equivalent angle eb. The shapes of the streamlines in the

conicel fileld were drawn from data taken from reference 1, and the

Sy
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comparative sizes of the entering streari tube were determined
graphically. This method glves only an approximstion of the mass flow.
For a more rrecise solutlon, not included in this preliminary investi—
gation, the flow field can be calculated by applying the method of
characteristics (reference 2) to the exact central-body nose shapes.

APPARATUS AND MODEL

The apperatus used for testing and the method of acquiring data
are fully described In reference 3, The mass flow was measured with a
calibrated thin plate orifice contained in a tube attached to the rear
of the model. ' B B

The entrance dlameter of the cowling was 1.50 inches, with
4° internal and 7° extermal 1lip angles. -

In order to similate the inflated todles, the nose of the central
body was bullt up with soft solder end shaped as follows: The added
solder was filrst cut to the meximum dlaemeter of the central body and
then cut to form a conlc shape with the seml—apex angle equal to the
equivalent cone angle with the apex of the cone coincident with the
original 'nose. The solder wes then remcved from the nose for a dilstance
of 1/4 inch back from the tip, end the remeining material was cut to _
form a falred curve along the surface. The result is the shape of the
gimuiated boot of the desired equlvalent angle. The exact shape within
the dimensional limits given was not consldered critical. The central—
body location was kept congtant at the rosition which placed the shock
wave from the nose of the centrsal body et the cowling lip with a
220 central body at a Mach number of 2.70. S

DISCUSSION AND RESULTS

An enalysis of the flow entering the inlet was made assuming that
the apex angle of the central body increased but that the nose of the
central body was stlll & true cone. Since the inflated boot was |
started some dlistance back from the tip of the central body, the actual
shape 1s not a cone; therefore, if thls analysis 1s to be used for the
comparison of experimentel data, the agreement of the equivalent cone __
engle 6, with the effective cone angle 64 must be determined. The

comparison of 6, end 6 is pregsented in filgure 4, and shows reasonably
b e

close agreement. In figure 5, the calculated and meesured values of
.mags flow are compared in terms of relative mess flow, defined as the
ratlio of the actuel mags flow to the mass flow for the design condition,

b
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Excluding the velue at eb = 27.25, the experimsntal results show

reagonable agreement with the theory assuming a true cone for the values
of 6y. At 27.25° the marked deviation from the theory may possibly be

caused by the effects of the apprecildble difference between the contour
of the central body with the simnlated boot and the true conlcal shape
assumed in the theory. Only at thls value of 6; do the effects from

expenglon of the flow over the similated boot , as obgerved in figure 6,
cause noticeable curvature of the shock ghead of the inlet.

The effect of reduction of mass flow by this method on the pressure
recovery ls shown in figure 7T. For relative mags flow of 90 percent,
the loss of pressure recovery from the value of 67.7 for design mass
flow ls of the order of 7 percent, while that for 80—percent relative
mags flow 1s of the order of 9 percent. For relative mass flow of
76 percent the pressure recovery was reduced to 56.9. These values of
loss of pressure recovery are small enough to allow this system to be
practical.

Shedowgraphs of the flow condition presented in figure 6 show that
the external flow does not undergo any large or abrupt changes with
change of equivelent cone angle 6y. There is an increase in the

strength of the shock wave which lndicates an Increase in drag, but this -
increase is graduel. The strength of the shock wave 1s less than that
of the inlet with a normal shock across the entrance and, therefore, the
drag is less then if the mass flow ls reduced by increasing the back
pressure until a normal shock wave 1s formed. There 1s no indication of
any unstable flow conditions which might cause flow osclllatlons.

CONCILUSIONS

A method for verying the mass flow of supersonic inlets having a
circular cross section and a central body has been consldered, and tests
and calculations have been made 1ln order to determline the effects at a
Mech number of 2.70 of a simulated inflatable boot on the centrel-body
surface upon the entering flow, mass flow, and pressure recovery. A
comparison was made between experimentsel and theoretlical mass flows.

The following conclusions were made:
1. The mass flow was decreased gradually to 76 percent of design

mass flow with an accompanyling decrsase of pressure recovery from
67.7 percent for design mass flow to 56.9 percent.
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2. The mass—flow reduction was achieved without the necessity of
having & moving central body and without the unsteble flow conditions,

‘the accompanying vibrations, and ebrupt change in drag produced by
decreasing the mass flow with a fixed-—gecmetry inlet.

3. For masg—flow reductions to 76 percemnt of the design mass flow
1t was found that the mass flow and shock angles could be predicted by
theory assuming the central body to be re preserrted. by a cone tangent to
the inflated boot.

Langley Aeronautical ILaboratory N
National Advisory Committee for Aeronautics
Langley Alr Force Base, Va,
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(a) Design mase flow.

(b) Reduced mass flow.

Figure 1.- Two flow conditions for Tixed-geometry inlets.
(Not to scale.)



Figure 2.~ Typlcal shape of the simulated boot. (Not to scale.)
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Stream tube for shock wave QA
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Figure 3.- Flow phenamena Into inlet for two pesiltione of the shock wave.

{Not to seale.)
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Figure 4.- Effective cone angle as a function of the equivalent
cone angle.
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Relative mass flow = 0.76. : Relative mase flow = 0.75.

L-62158
Pigure 6.- Shadowgraph plctures of the inlet for four different values

of relative ﬁis flow.
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